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S1. Transmission Electron Microscopy (TEM) 
 
Figure S1. High-resolution TEM images of colloidal ultrasmall NdVO4 NPs dispersed in 
water obtained by using the HAADF (High-angle annular dark-field) STEM (scanning 
transmission electron microscope) technique. 
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S2. X-Ray Diffraction (XRD) analysis 
 
XRD measurements were performed on powder obtained by evaporation aqueous dispersion 
from colloidal solution and drying the powder at temperature 70◦C for 20 hours.  
X-ray diffraction (XRD) measurements were performed with a Rigaku SmartLab 
diffractometer. Diffraction data were recorded in a 2θ range from 10º to 100º, at a scanning 
rate of 0.7º/min with 0.02º steps. 
The obtained diffraction data revealed the single phase formation of crystalline NdVO4, as 
identified according to diffraction data in ICDD Powder Diffraction File, card No. 15-0769. 
The prepared NdVO4 ultrasmall nanoparticles belong to the tetragonal structure, with lattice 
parameters of a = b = 7.368 Å and c = 6.565 Å.  
No additional peaks were present, indicating the phase purity of the sample. 
 
Figure S2. XRD pattern of colloidal NdVO4 NPs. 
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S3. Dynamic Light Scattering Studies 
DLS measurements were performed in a Zetasizer Nano ZS instrument (Malvern) in a 
standard 1 cm quartz cuvette on 6 mg/mL dispersion of ultrasmall NdVO4 NPs in water. The 
energy source was a laser emitting red light, and the angle between the sample and detector 
was 173°. 
 
Figure S3. DLS characterization (size distribution by intensity) of NdVO4 NPs dispersed in 
water, which resulted in the determination of an average hydrodynamic diameter of 5.7 nm. 
The standard deviation is 0.7 nm. 
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S4. Calculation of the Photothermal Conversion Efficiency 
The photothermal conversion efficiency, η, is defined as the fraction of the absorbed laser 
energy that is transformed into heat. The photothermal conversion efficiency of our NdVO4 
NPs was calculated following the method previously used in different works,[S1, S2] which 
followed the report presented by Roper et. al.[S3] To calculate it, we exposed an aqueous 
dispersion of NPs (at a concentration of 10% in mass) placed in an open quartz cuvette to 808 
nm laser irradiation (at a power of 403 mW) while continuously monitoring its temperature. 
Once the temperature reached a steady value, the heating 808 nm laser was turned off and the 
temperature was monitored during the cooling process until the temperature of the dispersion 
was equal to that of its surroundings.  The temperature increment as a function of time is 
represented in Figure S2. 
 
Figure S2. Photothermal effect of the irradiation of an aqueous solution of NdVO4 ultrasmall 
NPs (10% mass concentration) with 808 nm laser light (403 mW). The laser was kept on for 
17 minutes (red part of the figure) until the temperature of the dispersion had reached a steady 
value. Then, it was turned off and the temperature was monitored until it was equal to the 
temperature in the surroundings. 
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The photothermal conversion efficiency, η, can be defined as follows: 
(1)  
Where h is the heat transfer coefficient and A, the surface area of the container where the 
solution is placed, while Tmax and T0 represent the maximum temperature reached by the 
dispersion containing the NPs and the temperature at the surroundings, respectively. Q0 
corresponds to the heat dissipated from the light absorbed by the solvent and container, I to 
the laser power and OD to the optical density of the sample.  
As is explained in the literature, hA can be obtained through the system time constant, τS, 
which can be determined from the cooling curve (see Figure RL2), as  
(2)  
where mD = 0.5 g and CD = 4.179 J·g-1·s-1 correspond to the mass and heat capacity of the 
solvent, water in our case. Substituting mD = 0.4 g and CD = 4.179 Jg-1s-1 as well as the 
obtained τS = 142 s, we obtain a value of hA = 14.4 mW·K-1. 
The maximum temperature increment, , as can be seen in Figure RL2, is equal to 
21.9 ºC for a laser power, I, of 403 mW. Q0 was measured independently using an open quartz 
cuvette containing distilled water and found to be 34.4 mW. The optical density of the 
solution at this concentration at 808 nm is 1.9. 
Substituting these numbers into expression (1), we find a laser-to-heat conversion efficiency 
of 72.1%.  
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S5. Photothermal Conversion Efficiencies of different Nanoheaters 
Nanoparticles Photothermal conversion 
efficiency (%) 
Average nanoparticle size 
(nm) 
Reference 
Gold Nanorods 50 6.18 S2 
Gold Nanoshells 25 145 S2 
Gold Nanorods and Gold 
Bipyramids 
51-95 50-10 S4 
Gold Nanospheres 65-80 50-5 S5 
Polypyrrole NPs 44.7 50 S6 
Cys-CuS 27 18 S7 
Cu7.2S4 Nanocrystals 56.7 20 S8 
Dopamin-melanin Colloidal 
Nanospheres 
40 160 S9 
NdVO4 NPs 72.1 2.6 This work 
 
Table S1. Photothermal conversion efficiencies of different NPs proposed as photothermal 
agents due to their laser-to-heat conversion capabilities. In the cases where multiple values are 
reported for the same NP type (gold nanorods/bipyramids and gold nanospheres), the authors 
report on an increased photothermal conversion efficiency for smaller nanoparticles. 
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